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Somaclonal variation
Tissue cultureEfﬁcient protocols, safe from somaclonal variation, were developed for regeneration of Iris sibirica plants via
organogenesis and somatic embryogenesis from leaf-base explants cultivated on Murashige and Skoog media
supplemented with thidiazuron (TDZ, 1.0 mg/l) or 2,4-dichlorophenoxyacetic acid (2,4-D, 1.0 mg/l). The
morphogenic response and callus formation efﬁciency differed signiﬁcantly between 2,4-D (80.9%) and TDZ
(67%) morphogenesis induction treatments. TDZ induced only organogenic calli, while calli obtained with
2,4-D were composed of three types differing in color and consistency: white, friable — embryogenic calli
(4.5%, 3.8 mg/explant), green, compact — organogenic calli (12.4%, 48.4 mg/explants) and yellow — non-
regenerative calli (77.3%, 254.4 mg/explant). The cultivation of embryogenic calli on medium with 2,4-D and
Kinetin resulted in further development of somatic embryos (54 embryos/g of calli) which germinated with a fre-
quency of 62% after being transferred to a medium without plant growth regulators. Stable shoot cultures were
established by transferring organogenic calli with shoot primordia to media with 0.1 mg/l α-naphthaleneacetic
acid (NAA) and 1.0 mg/l 6-benzylaminopurine (BA), while further cultivation on media of the same composition
(TDZ or 2,4-D) resulted in the reduced growth and rhizogenesis, respectively. The TDZ induction treatment resulted
in higher number of shoots per explant (7.9) than the 2,4-D treatment (4.3). After successful rooting and ex vitro
acclimatization, plants were grown in the ﬁeld and ﬂowered to seed production. Flow cytometry, chromosome
counting and random ampliﬁcation of polymorphic DNA (RAPD) analysis indicated no evidence of genetic variation
inplants regenerated via somatic embryogenesis or organogenesis. The results suggest that establishedprotocols are
safe for use in genetic transformation procedures or large-scale production of true-to-type I. sibirica plants.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1 . Introduction
Siberian Iris (Iris sibirica L.) is a perennial monocotyledonous plant
and a horticulturally valuable member of the Iridaceae family ofMono-
cot plants (Goldblatt and Manning, 2008). It is a rhizomatous plant, up
to 120 cm tall with long narrow leaves and monochasial cymose inﬂo-
rescence with 1–7 blue-liliac actinomorphic ﬂowers (Szöllősi et al.,
2010, 2011). It is native towet ﬁelds andmountain regions of theNorth-
ern Hemisphere and listed as an endangered and protected species inBA, 6-benzyladenine; BM, basal
urashigeandSkoogmineral so-
nesis induced by 2,4-D; OI-TDZ,
rs; RAPD, randomampliﬁcation
; TDZ, thidiazuron (1-phenyl-3-
381 11 2761433.
na.stanisic@ibiss.bg.ac.rs
ghts reserved.many countries such as Poland (Kostrakiewicz and Wróblewska,
2008) andHungary (Szöllősi et al., 2011). I. sibiricaplants, like Iris pallida
and Iris germanica, accumulate in their roots essential oils, whose con-
stituent terpenoid ketone-irone with strong violet-like scent is widely
used in perfumery and cosmetics (Aslanyants and Marshavina, 1979;
Gozu et al., 1993; Jéhan et al., 1994). Also, ﬂowers of I. sibirica are the
source of color used for painting on silk (Para and Baratti, 1992;
Marner et al., 1995). Because of its beauty, I. sibirica is widely grown
as ornamental garden plant or cut ﬂower.
Creation of new varieties of horticultural value is themain objective in
breeding programs of many ornamental plants. Due to poor fruit setting,
low germination (Simonet, 1932) and vegetative propagation rate (10
plants/year, Jéhan et al., 1994) the genetic improvement of iris species
by conventional and mutation techniques is a time- and labor-
consuming process. Recently, particle bombardment and Agrobacterium-
mediated transformation have become the most popular and powerful
approaches employed for the creation of horticulturally valuable charac-
teristics such as novel ﬂower colors, leaf shapes, dwarf forms, prolonged
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viroids, pathogens and insects (Teixeira da Silva et al., 2013). Up to
date, genetic transformation in genus Iris has been reported only for
I. germanica, where stable overexpression of the Lilium lancifolium
capsanthin-capsorubin synthase (Llccs) gene in callus tissue resulted in
color change fromyellow to red-orange (Jeknić et al., 1999, 2012). Genetic
transformation of I. sibirica can also be an attractive way to create novel
ﬂower colors or to increase capacity for secondarymetabolite production
or content of essential oils.
There are numerous studies concerning in vitro regeneration of dif-
ferent members of the genus Iris, such as I. germanica (Reuther, 1975,
1977; Jéhan et al., 1994), I. pallida (Gozu et al., 1993; Jéhan et al.,
1994), Iris pumila (Radojević et al., 1987), Iris hollandica (Fidalgo et al.,
2005), Iris setosa (Radojević and Subotić, 1992), Iris pseudocorus
(Laublin and Cappadocia, 1992) and Iris versicolor (Laublin et al.,
1991). Initial results concerning successful I. sibirica shoot induction
were achieved from ﬂower parts with 6-benzyladenin (BA) and Kinetin
as cytokinins and α-naphthaleneacetic acid (NAA) as auxin (Meyer,
1984; Asao et al., 1993). An alternative regeneration pathway of
I. sibirica viaparallel induction of somatic embryogenesis andorganogen-
esis in mature zygotic embryo culture was obtained on medium supple-
mented with high concentration of the auxin 2,4-dichlorophenoxyacetic
acid (2,4-D; 5.0 mg/l) and Kinetin (1.0 mg/l, Subotić and Radojević,
1995). Recently, Jevremović et al. (2013) have reported the induction
of somatic embryogenesis with an even higher concentration of 2,4-D
(10 mg/l).
In vitro culture conditions, especially high concentration of 2,4-D act
as a stress factor that can induce instability in cultured cells, tissues and
organs, a phenomenon known as somaclonal variation (Larkin and
Scowcroft, 1981; Gyulai et al., 2003; Bairu et al., 2011). This phenome-
non refers to genetic and phenotypic changes in qualitative and quanti-
tative traits of plants regenerated by in vitro culture. The synthetic auxin
2,4-D or unbalanced concentrations of auxins and cytokinins in the
culture medium are often associated with genetic abnormalities such
as polyploidy, changes in chromosome number or DNA sequence
(Swartz, 1991; Bairu et al., 2011). Thus, a regeneration system safe
from somaclonal variation is a fundamental need for producing true-
to-type transgenic plants.
Consequently, the assessment of somaclonal variation of in vitro re-
generated plants requires a wider approach and application of several
methods to assess possible alterations at different levels. Because of its
high accuracy and rapidity, ﬂow cytometry and chromosome counting
are widely used to assess changes in ploidy and chromosome number
as the most common tissue culture-induced aberrations (Sharma
et al., 2007; Mohanty et al., 2008; Fiuk et al., 2010; Prado et al., 2010).
Recently, several DNA markers have been successfully used to assess
the genomic stability of regenerated plants: restriction fragment length
polymorphism (RFLP), ampliﬁed fragment length polymorphism (AFLP),
random ampliﬁcation of polymorphic DNA (RAPD) and microsatellite
markers (Hu et al., 2008; Bairu et al., 2011; Singh et al., 2013). RAPD has
been one of the most commonly used methods because it is simple,
rapid and cost-effective. It has proven to be a suitable molecular tech-
nique to detect genetic variation that occurs during in vitro regeneration
of different plant species such as grape (Yang et al., 2008), cotton (Jin
et al., 2008), potato (Vargas et al., 2008), chrysanthemum (Miñano
et al., 2009), date palm (Ahmed et al., 2009), olive (Peyvandi et al.,
2009), cowpea (Sivakumar et al., 2011), jojoba (Kumar et al., 2011),
Viola patrinii (Chalageri and Babu, 2012) and Limonium sinensis (Dam
et al., 2013). Except for chromosome counting (Laublin et al., 1991;
Laublin and Cappadocia, 1992; Radojević and Subotić, 1992), no studies
have been performed to check the genetic stability and uniformity of Iris
sp. plants regenerated by tissue culture and to our best knowledge none
concerning the genetic ﬁdelity of I. sibirica plants regenerated in vitro.
The aim of this study was to develop an efﬁcient protocol, safe from
somaclonal variation, for in vitro regeneration of I. sibirica via somatic
embryogenesis and organogenesis from leaf-base explants, that can beused in future experiments for producing true-to-type in vitro regener-
ated plants. An effort wasmade to reduce the probability of somaclonal
variation using lower concentration of plant growth regulators individ-
ually in the morphogenesis induction treatments.
2 . Material and methods
2.1 . Germination of seeds
Seeds of I. sibirica, obtained from Jelitto (Germany, IA167, 44007)
were used as starting material for the establishment of aseptic cultures.
After several trials with seed sterilization procedures, the following
method was chosen: seeds (200) were imbibed in distilled water for
2 days before the removing of seed coats. Naked seeds were immersed
in a 2% (v/v) solution of commercial antifungal agent Venturin (active
molecule captan 480 g/l, Župa, Chemical Industry, Kruševac, Serbia)
for 1 day. The following day, seeds were rinsed in tap water (for 1 h),
then in 20% (v/v) commercial bleaching solution with 4% NaOCl (2 ×
15 min) and distilled water (3 × 5 min). Sterilized seeds were placed
on basal medium (BM) consisting of mineral salts (Murashige and
Skoog, 1962), 3% (w/v) sucrose, 0.7% (w/v) agar (Torlak, Serbia) and ino-
sitol (100 mg/l), nicotinic acid (5.0 mg/l), panthotenic acid (10 mg/l),
vitamin B1 (2.0 mg/l), vitamin B6 (1.0 mg/l), without plant growth regu-
lators (PGR). After 2 days of cultivation in the growth chamber at 24 ±
2 °C under a 16 h/8 h photoperiod provided by cool-white ﬂuorescent
tubes (50 μmol m−2 s−1), seeds germinated and seedlings were used as
a source of explants for regeneration procedures in vitro. Non-sterilized
seeds (85) were sown in soil, germinated and used as а control in further
cytogenetic and molecular analyses.
2.2 . Tissue culture
Leaf bases (1 cm) of 7-day-old seedlingswere used as initial explants
for the induction of morphogenesis (Fig. 1). Only one leaf-base explant
could be obtained fromeach seedling (Fig. 2a). Explants (10/Petri dish, 5
replicates) were cultivated on BM without PGR or BM supplemented
with thidiazuron (TDZ, 1.0 mg/l) or 2,4-D (1.0 mg/l) for the induction
of morphogenesis in vitro. All cultures were grown in a growth chamber
at 24± 2 °C under a 16 h/8 h photoperiod provided by cool-white ﬂuo-
rescent tubes (50 μmolm−2 s−1). After 6weeks of cultivation, efﬁciency
of callus productionwas calculated as number of explants that produced
calli/total number of explants and the freshweight of produced calli per
each explant was measured under sterile conditions in a laminar hood
using a ﬁne balance (Chyo MK-200B).
2.2.1 . Somatic embryogenesis
Different types of calli (embryogenic, organogenic and non-
regenerative) occurring on explants cultured on BM supplemented
with 2,4-D, were separated under binocular and their weights
were measured. Embryogenic and non-regenerative calli were fur-
ther subcultured on BM supplemented with 0.1 mg/l 2,4-D and
1.0 mg/l Kinetin (6-furfurylaminopurine) for further development
of somatic embryos (Fig. 1). The number of somatic embryos per
gram of embryogenic calli was measured after 3 successive 4-week
subcultures. Isolated somatic embryos, 3–5 mm long were placed
in Petri dishes with BM without PGR (50 embryos per Petri dish),
where they germinated after 4 weeks.
2.2.2 . Organogenesis
The number of shoot primordia per explant was measured after 6
weeks of cultivation on media with 2,4-D (Organogenesis induction,
OI-2,4-D) or TDZ (OI-TDZ). Organogenic nodules and shoot primordia
formed on organogenic calli (OI-2,4-D or OI-TDZ) were further cultured
either on BM of the same composition or on BM supplemented with
NAA (0.1 mg/l) and BA (1.0 mg/l) for shoot multiplication (Fig. 1). The
shoot multiplication index was determined as the number of shoots
Fig. 1. Regeneration of Iris sibirica from leaf-base explants using various plant hormones in the regenerationmedia. Numbers in brackets correspond to concentration of plant growth reg-
ulators supplemented to themedia, given as (mg/l). The three successful regeneration pathways are indicated in the diagramby respectively colored arrows. Organogenesis occurred from
calli obtained on regeneration media supplemented with either TDZ (OI-TDZ) or 2,4-D (OI-2,4-D), while somatic embryogenesis occurred only from calli grown on media with 2,4-D.
Organogenic calli were further cultured on medium supplemented with NAA and BA for shoot multiplication, while embryogenic and non-regenerative calli on medium supplemented
with 2,4-D and Kinetin for further development of somatic embryos. Shoots regenerated either from organogenic calli or from somatic embryos subsequently underwent rooting and ac-
climatization in the greenhouse.
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shoots were cultivated per culture vessel (700 ml) containing 100 ml
medium and the multiplication index was calculated after 3 successive
subcultures.2.3 . Rooting and acclimatization of regenerated plants
For shoot rooting, 50 single shoots (4–5 cm) obtained either through
somatic embryogenesis or organogenesis (OI-2,4-D and OI-TDZ), were
transferred to 20 mm-long test tubes with 5 ml of BM without PGR
and cultured for 4 weeks. After rooting, plants were potted in a mixture
of peat and perlite (3:1), acclimatized and grown in greenhouse condi-
tions. Plants were planted in the ﬁeld 1 year later.2.4. Scanning electron microscopy (SEM)
Samples of calli and somatic embryos were subjected to scanning
electron microscopy (SEM) on JOEL JSM-6460LV microscope at the In-
stitute for Biology, University of Novi Sad, Serbia without previous
preparation.2.5 . Flow cytometry
The ploidy level of greenhouse-grown I. sibirica plants regenerated
by somatic embryogenesis and organogenesis (OI-2,4-D) from the
same initial explant and by OI-TDZ was determined by ﬂow cytometry
according to the method of Doležel et al. (1992). Since seedlings were
destroyed during leaf-base excision, they could not be preserved as
mother plants for further analyses. Instead of them, plants derived
from seeds were used as control in ﬂow cytometry and analyses of ge-
netic uniformity of regenerated plants. A 1 cm2 portion of the leaf
blade of plants grown in greenhousewas cut and placed into 0.4 ml nu-
clei extraction buffer (0.1 M Tris, 2 mMMgCl2, 0.1 M NaCl, 0.05% (v/v)
Triton X-100, pH 7.0). After ﬁltration through a 50 μm nylon sieve
(Partec Cell Trics Disposable ﬁlter units, No. 04-0041-2317), 2.0 ml
staining solution containing 0.1 mg/ml dye DAPI (4,6-diamidino-2-
phenylindole-2HCl) was added. Flow cytometry was performed with a
PAS ﬂow cytometer (Partec) with an argon laser (488 nm, 20 mW)
and Vicia faba as an internal standard. At least 2000–5000 nuclei were
analyzed per sample.2.6 . Chromosome counting
For chromosome counting, 10 mm-long root tips were collected
from 10 randomly selected greenhouse-grown I. sibirica plants regener-
ated by organogenesis (OI-TDZ) or somatic embryogenesis and organo-
genesis (OI-2,4-D) from the same initial explant and plants derived
from seeds. Root tips were treated with 2 mM 8-hydroxiquinoline at
room temperature for 4–5 h, ﬁxed in Carnoy's solution (ethanol: glacial
acetic acid 3:1) for 24 h at 4 °C and stored dehydrated in 70% (v/v) eth-
anol. Fixed roots were hydrolyzed for 15min at 60 °C and subsequently
stained with 1% (w/v) aceto-orcein for 10 min. Chromosome number
was observed using lightmicroscopy (Carl Zeiss AxioVisionmicroscope,
Zeiss, Germany).2.7 . RAPD analysis
RAPD analysiswas performed on greenhouse-grown I. sibirica plants
regenerated by organogenesis (OI-TDZ) or somatic embryogenesis and
organogenesis (OI-2,4-D) from the same initial explant and plants
derived from seeds. Total genomic DNA was isolated from 250 mg of
frozen leaves of 30 randomly chosen plants of each group, using the
standard CTAB method according to Zhou et al. (1994). The quality of
genomic DNA was conﬁrmed by electrophoresis in 0.8% (w/v) aga-
rose gel containing ethidium bromide (0.5 μg/ml) in 1× TBE buffer
(Sambrook et al., 1989). The concentration of DNA was determined
by a UV–vis Recording Spectrophotometer (UV-2501 PC, Shimadzu)
and each sample was diluted to 100 ng/μl. Samples were stored at 4 °C
for further analysis.
Three RAPD primers: OPD-8, OPD-13 and OPB-12 (OPERON tech-
nology Alameda, Canada; Table 1) were used for the ampliﬁcation of
the total DNA. DNA ampliﬁcationwas performed in a volume of 30 μl re-
action mixture containing: 0.75 μg template DNA, 0.5 μM random
primers (Applied Biosystems), 0.75 mM dNTPs, 3 units Taq polymerase
AmpliTaq Gold® (Applied Biosystems), 3 μl 10× PCR buffer and 13.6 μl
sterile distilled water. All PCR reactions were performed in a PCR ther-
mal cycler (Techne Genius) and consisted of an initial denaturation
step (4 min at 95 °C); followed by 40 cycles of denaturation (30 s at
95 °C), annealing (45 s at 36 °C) and elongation (1 min at 72 °C); and
ﬁnal extension (5 min at 72 °C). Ampliﬁed DNA fragments were sepa-
rated by electrophoresis in 1.5% (w/v) agarose gels. Bands were visual-
ized and recorded using a gel documentation system (Gel Explorer Ultra
Fig. 2. Plant regeneration of I. sibirica by somatic embryogenesis and organogenesis in leaf-base culture. Leaf-base of 7-day-old seedling used as initial explants — red mark is place of
cutting, bar 5 mm (a) Induction of calli on basal medium (BM) supplemented with 1.0 mg/l 2,4-D; ec — embryogenic calli, nc — non-regenerative calli, oc — organogenic calli, bar
1 mm (b). Detail of embryogenic calli with somatic embryos (se) at different stages of development, bar 10 mm (c). Normal germination of somatic embryos, bar 10 mm (d). Abnormal
somatic embryo germination, bar 10 mm (e). Adventitious shoot formation on organogenic calli formed on BMmedium supplemented with 1.0 mg L−1 TDZ, bar 1 mm (f). Shoot multi-
plication by axillary shoot proliferation on BMmedium supplemented with 0.1 mg/l NAA and 1.0 mg/l BA, bar 10 mm (g). Plantlets obtained by organogenesis in the rooting phase, bar
20 mm (h). Plantlets regenerated by organogenesis grown in the greenhouse, bar 20 mm (i). Plantlets regenerated by somatic embryogenesis grown in the greenhouse, bar 20 mm (j).
Flowering plant after two years of ﬁeld growth, bar 20 mm (k). Fruit and seeds of I. sibirica plants regenerated by tissue culture, bar 20 mm (l).
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100 bp DNA ladder (Serva).
2.8 . Data analysis
All data were subjected to statistical analysis using the computer
program STATGRAF. 4.2 (STSC Inc. and Statistical Graphics Corporation,
1985–1989, USA) and percentage data were arcsine-transformed prior
to statistical analysis. The experiment for shoot regeneration and
rooting was replicated three times. Data were analyzed using the least
signiﬁcant difference test (LSD). DNA ampliﬁcation with each primer
was repeated at least twice to conﬁrm the reproducibility of the results.Table 1
List of decamer primers used for RAPD analysis of genetic variability of Iris sibirica plants,
their base sequence and G + C (%) content.
Primer DNA sequence G + C content (%)
OPD-8 5′-GTGTGCCCCA-3′ 70
OPD-13 5′-TCGTCACCCC-3′ 70
OPB-12 5′-CCTTGACGCA-3′ 50Only reproducible bands were considered for analysis. Speciﬁc ampliﬁ-
cation products (bands) were scored as present (1) or absent (0) at a
particular position.
3 . Results
3.1 . Plant regeneration through somatic embryogenesis and organogenesis
3.1.1 . Callus formation
Sterilized, naked seeds germinated with 76.38% frequency two days
after cultivation and seedlings were used as a source of explants for
regeneration procedures. After 6 weeks of culture, leaf-base explants
of I. sibirica cultivated on BM supplemented with 2,4-D or TDZ devel-
oped calli with a frequency of 80.9% and 66.7% respectively, while no
callus formation was observed on BM without PGR (Fig. 1). However,
BM without PGR supported growth of leaf-base explants into shoots
with 36% frequency. This result was expected due to preservation of in-
tact shoot apical meristem in explants during excision from seedlings
(Fig. 2a). Calli produced on explants cultured on BM supplemented
with 2,4-D were composed of three types of calli differing in color and
consistency. White, friable calli (4.5%, 3.8 mg/explant) with developed
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were designated as embryogenic (ec, Fig. 2b). The compact green calli
(12.4%, 48.4 mg/explant) with shoot primordia were designated as
organogenic (oc), and the third, most abundant group were the yellow
calli (77.3%, 254.4 mg/explant) designated as non-regenerative (nc,
Fig. 2b). Leaf-base explants cultured on BM supplemented with TDZ de-
veloped only green organogenic calli.
3.1.2 . Somatic embryogenesis
Most somatic embryos produced on embryogenic calli were in the
globular stage of development. The next 4-week subculture onmedium
with 2,4-D and Kinetin resulted in further development of somatic em-
bryos (54 embryos/g of calli). Somatic embryos developed asynchro-
nously, thus embryos from the globular to the cotyledonary stage
could be observed at the same time on the same callus (Figs. 2c; 3a,b).
In order to achieve a higher germination rate, single somatic embryos
were transferred to BM without PGR where they germinated with a
frequency of 62% after 4 weeks (Fig. 2d). Apart from normally growing
embryos, 10% showed abnormalmorphologywith asynchronous devel-
opment of shoot and root meristem during the germination process
(Figs. 2e, 3c).
3.1.3 . Organogenesis
Shoot primordia which developed on green organogenic calli (OI-
TDZ, 7.9 shoots/explant) and were subsequently cultured on the same
medium, remained very small andwere not useful for the establishment
of shoot cultures. On the other side, green organogenic calli obtained
after cultivation of I. sibirica leaf bases on induction medium supple-
mented with 2,4-D (OI-2,4-D, 4.3 shoots/explant) and further cultured
on the medium of the same composition became rhizogenic. Stable
shoot cultures were established by transferring organogenic nodules
with shoot primordia (OI-2,4-D or OI-TDZ) to BM supplemented with
0.1 mg/l NAA and 1.0 mg/l BA. Initially, de novo formation of adventi-
tious shoots was observed in callus culture (Fig. 2f), subsequently
shoot cultures were established and maintained by development of
axillary shoots (Fig. 2g). No signiﬁcant differences in mean number of
axillary shoots per explant were observed between OI-2,4-D and
OI-TDZ plants (Fig. 4a).
3.2 . Rooting and acclimatization of regenerated plants
Shoots obtained through somatic embryogenesis or organogenesis
were successfully rooted on BM without PGR (Fig. 2h). No signiﬁcant
differences in rooting efﬁciency were observed between OI-2,4-D and
OI-TDZ plants (Fig. 4c). The other two measured parameters, plant
height (Fig. 4b) and root number (Fig. 4d) were also similar in bothFig. 3. Scanning electron microscopy of somatic embryogenesis of I. sibirica in leaf-base culture
embryos at the cotyledonary stage (b). Asynchronous germination of somatic embryos (c).groups of analyzed plants, contrary to the root length that was signiﬁ-
cantly higher in OI-TDZ plants (Fig. 4e).
Rooted plantlets obtained through organogenesis (OI-2,4-D or
OI-TDZ) (Fig. 2i) and somatic embryogenesis (Fig. 2j), 50 from each
group, were planted and successfully acclimatized to greenhouse con-
ditions (Fig. 4f). After one year, plants were planted in the ﬁeld and in
the following season they ﬂowered (Fig. 2k) and set seeds (Fig. 2l). Re-
generated plants displayed morphological and reproductive character-
istics similar to seed-derived plants (data not shown).
3.3 . Flow cytometry and chromosome counting analyses
The ploidy level of I. sibirica plants derived from seeds and those
regenerated by somatic embryogenesis and organogenesis (OI-2,4-D
or OI-TDZ) was determined by ﬂow cytometry using a 1 cm2 portion
of the leaf blade of plants grown in greenhouse conditions. The ﬂow
cytometry proﬁles indicated stability of ploidy level in leaf cells of
regenerated plants (Fig. 5b,c). A similar nuclear DNA content and total
number of peaks were found in plants derived from seeds taken as a
diploid control (Fig. 5a).
The results obtained by ﬂow cytometry were, in general, consistent
with those obtained by chromosome counting (Fig. 5d–f). Having dem-
onstrated a diploid number of chromosomes (2n = 2x = 28) in the
root-tip cells of the regenerated I. sibirica plants, the chromosome
counting analysis veriﬁed that numeric chromosomal aberration (i.e.
aneuploidy) has not occurred during organogenesis and somatic em-
bryogenesis, comparing to plantlets derived from initial stock seeds.
3.4 . RAPD analysis
RAPDmarkerswere used to estimate the genetic stability at theDNA
level of I. sibirica plants regenerated by organogenesis and somatic em-
bryogenesis. The efﬁciency and speciﬁcity of OPD-8, OPD-13 and OPB-
12 primers were tested in a previously optimized RAPD protocol for
I. sibirica plants derived from seeds. Banding patterns obtained with
each primerwere speciﬁc and reproducible, clearly pointing out the dif-
ferences at the DNA level between individual plants (Fig. 6; Table 2).
Based on this result, we concluded that OPD-8, OPD-13 and OPB-12
primers were adequate and sufﬁcient for the assessment of clonal ﬁdel-
ity of I. sibirica plants regenerated in vitro. Plants regenerated through
one regeneration pathway (OI-TDZ, OI-2,4-D or somatic embryogene-
sis) did not differ between themselves as evidenced by the absence of
polymorphic bands in their RAPD proﬁles (Figs. 7; 8; Table 2). Plants
originated from the same explant showed identical RAPD proﬁles
regardless of regenerative pathway (OI-2,4-D and somatic embryogen-
esis) (Table 2). On the other hand, plants regenerated via organogenesis. Embryogenic calli with somatic embryos in different stages of development (a). Somatic
Fig. 4. Plant multiplication, rooting efﬁciency and acclimatization of I. sibirica plants regenerated via organogenesis induced by 2,4-D (OI-2,4-D) or TDZ (OI-TDZ). Shoot multiplication
index obtained on BMmedium supplementedwith NAA and BA (a). Shoot and root development on BMmediumwithout plant growth regulator: average plant height, rooting frequency,
average root number and root length, respectively (b–e). Acclimatization frequency (f).
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2,4-D) and somatic embryogenesis (Figs. 7; 8; Table 2), conﬁrming
their origin from leaf-base explants of different initial seedlings. In the
OPD-13 RAPD pattern of plants regenerated by somatic embryogenesis
and organogenesis (OI-2,4-D) (Fig. 7; lanes 7–10) we noted the pres-
ence of two bands (800 bp and 600 bp) and the absence of the 750 bp
band in comparison to the OI-TDZ plants pattern (Fig. 7; lanes 1–6). In
the OPD-8 RAPD pattern of plants regenerated via somatic embryogen-
esis and organogenesis (OI-2,4-D) (Fig. 8; lanes 7–10) the presence of a
650 bp band and the absence of 550 bp, 450 bp and 150 bp bands, as
well as the absence of bands in the case of the OPB-12 primer, was no-
ticed in comparison to the OI-TDZ plants pattern (Fig. 8; lanes 1–6). The
total number of ampliﬁcation products generated with all 3 primers
was: 24 for the plants derived from seeds, 18 for the OI-TDZ plants, 12
for theOI-2,4-D plants and 12 for the plants regenerated by somatic em-
bryogenesis. The highest (29) and the lowest (15) total number of
bands (the 4 groups of plants altogether) was obtained by OPD-8 and
OPB-12 primers, respectively.4 . Discussion
Up to date, a large number of protocols for somatic embryogenesis
and organogenesis have been developed for different genotypes of Iris
sp. (Hussey, 1975; Reuther, 1977; Radojević et al., 1987; Laublin et al.,
1991; Fidalgo et al., 2005). An optimal regeneration method for each
particular genotype has been determined by searching for the optimal
hormonal composition of the culture medium and type of explants
(reviewed by Ascough et al., 2009). Here, we established two efﬁcient
protocols for in vitro regeneration of I. sibirica from leaf-base culture
using low concentration of only one growth factor (2,4-D or TDZ) in
the morphogenesis induction medium.
Successful regeneration of iris species from leaf-base explants was
reported by several authors (Gozu et al., 1993; Shimizu et al., 1997;
Shibli and Ajlouni, 2000; Jevremović et al., 2013). In this study, leaf
bases proved to be suitable explants for I. sibirica regeneration as
organogenic and embryogenic calli developed in most of the explants.
Leaf-base advantage is their availability throughout the year in contrast
Fig. 5. Flow cytometry analysis and chromosome counts of I. sibirica plants. Flow cytometry
proﬁles of plants derived from seeds (a), regenerated from leaf-base explants via somatic
embryogenesis induced with 1 mg/l 2,4-D (b) and organogenesis induced with 1 mg/l 2,4-
D (OI-2,4-D) (c). Root-tip cells with visible chromosomes (2n= 2x= 28) of plants derived
from seeds (d), regenerated by somatic embryogenesis induced with 1 mg/l 2,4-D (e) and
organogenesis induced with 1 mg/l 2,4-D (OI-2,4-D) (f).
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species of genus Iris (Gozu et al., 1993; Fidalgo et al., 2005; Ascough
et al., 2009).
Several factors are proved to affect the morphogenic response and
callus formation efﬁciency in vitro, especially the type and concentration
of plant growth regulators used for the morphogenesis induction
(Ikeuchi et al., 2013; Smith, 2013). In accordance with this, the callus
formation efﬁciency differed signiﬁcantly in two PGR treatments
reaching 80.9% for 2,4-D and 67% for TDZ. Callus formation was never
observed in leaf-base explants cultured on medium without plant
growth regulators, indicating that callus formation could not be attrib-
uted to the in vitro culture-induced stresses. The TDZ treatment
induced only organogenic calli, while parallel induction of somaticembryogenesis and organogenesis in the same explant was achieved
on medium supplemented with 2,4-D. Since the regenerative response
depends on the remodeling of the chromatin and the release of
morphogenic programs previously blocked by chromatin-mediated
gene silencing (Fehér, 2006), the distinction between the induction of
embryogenesis and organogenesis in the same explant may provide
an experimental system for studying the developmental biology of
these two regenerative pathways. The capability of 2,4-D in activating
the embryogenic pathway may be related to its capacity to induce
expression of stress genes which have been shown to contribute to
the cellular reprogramming of somatic cells toward embryogenesis
(Kitamiya et al., 2000).
The 2,4-D is used more often in combination with other plant
growth regulators (Gozu et al., 1993; Jéhan et al., 1994; Radojević and
Subotić., 1992; Shimizu et al., 1997; Shibli and Ajlouni., 2000; Fidalgo
et al., 2005) than sole (Laublin and Cappadocia, 1992; Fidalgo et al.,
2005; Jevremović et al., 2008) for morphogenesis induction in Iris sp.
In this study, we demonstrated that efﬁcient regeneration of I. sibirica
could be achieved by 2,4-D induction treatment alone and in concentra-
tion ﬁve- and ten-fold lower than used in previous studies in I. sibirica
(Subotić and Radojević, 1995; Jevremović et al., 2013).
Sequential changing of the hormonal composition by further de-
creasing the concentration of 2,4-D and the introduction of Kinetin in
the regeneration medium improved the embryogenic potential of
I. sibirica. Our results conﬁrmed previous ﬁndings that multiple PGR se-
quences are essential for development of somatic embryos in Iris species
(Ascough et al., 2009; Radojević and Subotić., 1992; Laublin et al., 1991).
The conversion of somatic embryos into plantlets is an important
step for the application of somatic embryogenesis in breeding and im-
provement programs. In our work, a satisfactory conversion frequency
of somatic embryos was achieved in the absence of PGRs contrary
to the previous report for I. sibirica (Subotić and Radojević, 1995)
and some other iris species, where addition of auxin and cytokinin
(Radojević and Subotić, 1992), gibberelic acid (Shimizu et al., 1997) or
abscisic acid (Fidalgo et al., 2005)was necessary for embryo conversion.
Asynchronous development of shoot and root meristem in Iris sp. em-
bryos has been well documented previously (Radojević et al., 1987;
Radojević and Subotić, 1992; Fidalgo et al., 2005). Although in one of
the previous studies only 18% of I. hollandica somatic embryos eventual-
ly developed into normal plantlets (Fidalgo et al., 2005), we found that
only 10% of the I. sibirica embryos showed abnormal development upon
transfer to BM without PGR.
Although the sole synthetic auxin 2,4-D has shown very effective,
successful regeneration in I. sibirica could be as well induced by cytoki-
nin alone. Up to now, there have been no literature data about the effect
of TDZ on I. sibiricamorphogenesis and generally it has been rarely used
for the regeneration of other iris species (Ascough et al., 2009). An
unsuccessful attempt of I. nigricans somatic embryo regeneration was
reported by Shibli and Ajlouni (2000), while organogenic calli and ad-
ventitious shoots were successfully induced in zygotic embryos culture
of Iris pseudopallida (Jevremović et al., 2008). Leaf-base explants of
I. sibirica were twice as responsive to the same concentration of TDZ
(1.0 mg/l). TDZ was more effective than other cytokinins in promoting
the adventitious shoot formation in many plant species (Zhang et al.,
2001; Espinosa et al., 2006). It seems that TDZmodulates the level of en-
dogenous auxins via enhanced accumulation and translocation, thus
providing an optimal endogenous auxin/cytokinin ratio within the cul-
tured tissue (Jones et al., 2007). Although some authors reported that
TDZ could be used to stimulate somatic embryogenesis (Visser et al.,
1992; Murthy et al., 1995, 1998) or simultaneous production of shoots
and somatic embryos (Bates et al., 1992), here we report evidence
only for the effects of TDZ on callus and shoot formation.
TDZ-induced shoots remained very small after prolonged culture on
the same medium, indicating the inhibitory effect of TDZ on I. sibirica
shoot elongation. The deleterious effect of the continuous presence of
TDZ on the growth and multiplication has been documented in several
Fig. 6. RAPD proﬁles of I. sibirica seed-derived plants obtained with primers: OPD-8 (a), OPD-13 (b), OPB-12 (c). Lane M: DNA Standard 100 bp Ladder (Serva).
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et al., 2008; Jahan and Anis, 2009; Parveen and Shahazad, 2010;
Ahmed and Anis, 2012). To solve this problem, a two-stage culture pro-
cedure including a secondary medium lacking TDZ, with or without
growth regulators was applied in all these species. Among all the
media compositions investigated, BA (1 μM) along with NAA (0.5 μM)
was found to be the most effective (Kim et al., 1997). The efﬁciency of
BA and NAA on TDZ-exposed explants for maximum shoot induction
and elongation was also conﬁrmed in our work.
The type, concentration and combination of plant growth regulators
in the culture medium are the major factors affecting the incidence of
somaclonal variation (Bairu et al., 2011). The synthetic auxin 2,4-D is
commonly considered to be responsible for genetic changes, especially
alterations in chromosome number and ploidy levels in plants regener-
ated through callus formation. It is possible that 2,4-D affects ploidy
levels by triggering unorganized cell growth anddisturbing cell cycle con-
trol, leading to DNA synthesis and endoreduplication (Neelakandan and
Wang, 2012). Contrary to numerous plant species regenerated through
callus formation using 2,4-D alone or in combination with other growth
regulators (Nehra et al., 1992; Jin et al., 2008; Godo et al., 2010; Pinto
et al., 2010; Prado et al., 2010), we report no altered ploidy level in
I. sibirica plants obtained by described protocols. Flow cytometry, as one
of the approaches commonly used to verify the absence of chromosomal
aberration (Vujović et al., 2012; Escobedo-Gracia Medrano et al., 2014),
conﬁrmed that relative content of DNA in plants regenerated via indirect
somatic embryogenesis and organogenesis, remained unchanged in com-
parison to the plants germinated from the original I. sibirica seeds. Appar-
ently, the DNA level remained unaffected by callogenesis and in vitro
conditions (including PGRs present in the culture media) to which the
plants were subjected in this study.Table 2
The size and number of scored bands produced by RAPD analysis.
Sample Primer Number of bands Size
range
(bp)
Monomorphic Polymorphic Total
Plants derived from
seeds
OPD-8 5 4 9 350–1500
OPD-13 3 2 5 500–1000
OPB-12 4 6 10 250–1800
Plants regenerated by
TDZ-induced
organogenesis
(OI-TDZ)
OPD-8 8 0 8 150–850
OPD-13 5 0 5 450–1200
OPB-12 5 0 5 250–1000
Plants regenerated by
2,4-D-induced
organogenesis
(OI-2,4-D)
OPD-8 6 0 6 300–850
OPD-13 6 0 6 450–1200
OPB-12 0 0 0 –
Plants regenerated by
2,4-D-induced
somatic
embryogenesis
OPD-8 6 0 6 300–850
OPD-13 6 0 6 450–1200
OPB-12 0 0 0 –Although ﬂow cytometry is usually considered an efﬁcient and reli-
able method (Doležel et al., 2012; de Oliveira et al., 2013), additional
screening of DNA ploidy level is always desirable because of the poten-
tially high background noise or low accessibility of the dye to nuclear
DNA due to high concentration of secondary metabolites in the ana-
lyzed cells (Loureiro, 2007). Thus, we used chromosome counting in
root-tip cells to conﬁrm the stability of ploidy level in embryo- and
shoot-derived I. sibirica plants and showed the presence of diploid sets
of chromosomes, same as in seed-derived plants. The unchanged
chromosome number in shoots regenerated via indirect embryogenesis
and organogenesis was previously reported in I. setosa (Radojević and
Subotić, 1992), I. versicolor and I. pseudacorus (Laublin et al., 1991;
Laublin and Cappadocia, 1992).
Beside ploidy level changes, other types of genetic differences, such
as DNA polymorphism, could also be expected in in vitro derived plants.
RAPD analysis has been themost widely used to estimate the genetic ﬁ-
delity at the DNA level. The disappearance or appearance of a new band
in a RAPD proﬁle is usually a consequence of DNA damage and/ormuta-
tion that results in the inability of the primer to anneal to a previous
binding site (Cenkci et al., 2010). Changes in RAPD proﬁles as a result
of presence of 2,4-D in the callus induction medium, alone or along
with other growth regulators, were frequently found in callus cultures
or regenerated plants of many species, e.g. Cereus peruvianus (Mangolin
et al., 2002), potato (Bordallo et al., 2004), Curcuma amada Roxb.
(Prakash et al., 2004), Cymbopogon ﬂexuosus (Bhattacharya et al., 2008),
papaya (Homhuan et al., 2008) and cotton (Jin et al., 2008). Also, there
are several reports about TDZ affecting the DNA stability of plants propa-
gated in vitro (Sarmast et al., 2012; Roy et al., 2012; Khattab et al., 2014).
In contrast, the RAPD analysis performed in our study detected no poly-
morphism within plants regenerated through the same regeneration
pathway, whereas the RAPD analysis with the same decamer primers re-
vealed considerable polymorphismwithin iris plants derived from seeds.
Moreover, no difference was found between organogenic and embryo-
genic plants originating from the same explant. Differences found be-
tween 2,4-D embryogenic and organogenic plants on one side and TDZ
organogenic plants on the other, are the consequence of different starting
leaf-base explants (different genotypes) which is in accordance with a
high amount of polymorphism detected among seed-derived I. sibirica
plants. The high variability in RAPD proﬁles of plants obtained from
seeds has been already reported for I. setosa (Artyukova et al., 2001)
and also for three Iris aphylla populations from Poland (Wroblewska
et al., 2003) where higher variability was revealed within (77.2%) than
between populations (22.8%).
The primers chosen for RAPD analysis of I. sibirica had been previ-
ously successfully used for the analysis of genetic variability of numer-
ous Iris species (Kozyrenko et al., 2002; Artyukova et al., 2001;
Al-Gabbiesh et al., 2006) conﬁrming the applicability of RAPD methods
in the genus Iris. Moreover, Makarevitch et al. (2003) showed that only
four different primers (OPD-8, OPD-11, OPD-13 and OPB-12) were suf-
ﬁcient for the successful analysis of phylogenetic relationships of 22
Fig. 7. RAPD proﬁles of in vitro regenerated I. sibirica plants obtained with the primer OPD-13. Lanes 1–6: plants regenerated by 1 mg/l TDZ-induced organogenesis (OI-TDZ), lanes 7–10:
plants regenerated by 1 mg/l 2,4-D-induced somatic embryogenesis, lane M: DNA Standard 100 bp Ladder (Serva).
Fig. 8. RAPD proﬁles of in vitro regenerated I. sibirica plants obtained with the primer OPD-8. Lanes 1–6: plants regenerated by 1 mg/l TDZ-induced organogenesis (OI-TDZ), lanes 7–10:
plants regenerated by 1 mg/l 2,4-D-induced somatic embryogenesis, lane M: DNA Standard 100 bp Ladder (Serva).
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OPD-13) produced speciﬁc and reproducible RAPD patterns in all
groups of analyzed I. sibirica plants, while one (OPB-12) gave no
amplicons for somatic embryo-derived plants and plants regenerated
via organogenesis (OI-2,4-D), similarly to the results of Al-Gabbiesh
et al. (2006) where DNA of only ﬁve out of seven analyzed Iris species
had been ampliﬁed by OPB-12.
In conclusion, we have developed simple and efﬁcient regeneration
protocols for I. sibirica plants via organogenesis and somatic embryo-
genesis using leaf-base culture. Identical ploidy level, chromosome
number and RAPD banding patterns of plants obtained by each regener-
ation pathway suggest that developed protocols can be used for safe re-
generation of both genetically modiﬁed and untransformed I. sibirica
plants, as well as for large-scale production of true-to-type plants of
particular genotype selected for improved characteristics.
Acknowledgments
This research was sponsored by the Ministry of Education, Science
and Technological Research, Serbia (Projects ON173015 and TR31019).
References
Ahmed, R., Anis, M., 2012. Role of TDZ in the quick regeneration of multiple shoots from
nodal explant of Vitex trifolia L.— an important medicinal plant. Applied Biochemistry
and Biotechnology 168, 957–966.
Ahmed, O., Chokri, B., Noureddine, D., Mohamed, M., Mokhtar, T., 2009. Regeneration and
molecular analysis of date palm (Phoenix dactylifera L.) plantlets using RAPDmarkers.
African Journal of Biotechnology 8, 813–820.
Al-Gabbiesh, A.H., Hassawi, D.S., Aﬁﬁ, F.U., 2006. Determination of genetic diversity
among Iris species using random ampliﬁed polymorphic DNA analysis. Biotechnology
5, 173–179.
Artyukova, E.V., Kozyrenko, M.M., Hyushko, M.V., Zhuravlev, Y.N., Reunova, G.D., 2001.
Genetic variability of Iris setosa. Molecular Biology 35, 134–138.
Asao, T., Kawase, K., Yoshioka, M., 1993. In vitro shoot formation from explants of perianth
base and ovary in Siberian irises. Plant Tissue Culture Letters 10, 189–190.Ascough, G.D., Erwin, J.E., Van Staden, J., 2009. Micropropagation of Iridaceae—a review.
Plant Cell, Tissue and Organ Culture 97, 1–19.
Aslanyants, L.K., Marshavina, Z.V., 1979. Volatile oil synthesized by Iris sibirica tissue
cultures. Applied Biochemistry and Microbiology 15, 581–585.
Bairu, M.W., Aremu, A.O., Van Staden, J., 2011. Somaclonal variation in plants: causes and
detection methods. Plant Growth Regulation 63, 147–173.
Bates, S., Preece, J.E., Navarrete, N.E., 1992. TDZ stimulates shoots organogenesis and
somatic embryogenesis in white ash (Fraxinus Americana L.). Plant Cell, Tissue and
Organ Culture 31, 21–29.
Bhattacharya, S., Dey, T., Bandopadhyay, T.K., Ghosh, P.D., 2008. Genetic polymorphism
analysis of somatic embryo-derived plantlets of Cymbopogon ﬂexuosus through
RAPD assay. Plant Biotechnology Reports 2, 245–252.
Bordallo, P.N., Silva, D.H., Maria, J., Cruz, C.D., Fontes, E.P., 2004. Somaclonal variation on
in vitro callus culture potato cultivars. Horticultura Brasileira 22, 300–304.
Cenkci, S., Yıldız, M., Ciğerci, I.H., Bozdağ, A., Terzi, H., Terzi, E.S.A., 2010. Evaluation of
2,4-D and Dicamba genotoxicity in bean seedlings using comet and RAPD assays.
Ecotoxicology and Environmental Safety 73, 1558–1564.
Chalageri, G., Babu, U.V., 2012. In vitro plant regeneration via petiole callus of Viola patrinii
and genetic ﬁdelity assessment using RAPD markers. Turkish Journal of Botany 36,
358–368.
Dam, A., Paul, S., Bhattacharya, C., Bandyopadhyay, T.K., 2013. Effects of culture conditions
on multiple shoot induction from inﬂorescence and RAPD analysis of cloned plants in
Limonium sinensis (Girard) Kuntze, var. Golden Diamond. Journal of Plant Biochemis-
try and Biotechnology 22, 348–352.
de Oliveira, S.C., Nunes, A.C.P., Carvalho, C.R., Clarindo, W.R., 2013. In vitro polyploidization
fromshoot tips of Jatropha curcas L.: a biodiesel plant. PlantGrowthRegulation 69, 79–86.
Doležel, J., Číhaíková, J., Lucretti, S., 1992. A high-yield procedure for isolation of meta-
phase chromosomes from root tips of Vicia faba L. Planta 188, 93–98.
Doležel, J., Vrána, J., Šafář, J., Bartoš, J., Kubaláková, M., Šimková, H., 2012. Chromosomes
in the ﬂow to simplify genome analysis. Functional & Integrative Genomics 12, 397–416.
Escobedo-Gracia Medrano, R.M., Maldonado-Borges, J.I., Burgos-Tan, M.J., Valadez-
González, N., Ku-Cauich, J.R., 2014. Using ﬂow cytometry and cytological analyses
to assess the genetic stability of somatic embryo-derived plantlets from embryogenic
Musa acuminata Colla (AA) ssp. malaccensis cell suspension cultures. Plant Cell, Tissue
and Organ Culture 116, 175–185.
Espinosa, A.C., Pijut, P.M., Michler, C.H., 2006. Adventitious shoot regeneration and
rooting of Prunus serotina in vitro culture. HortScience 41, 193–201.
Faisal, M., Ahmad, N., Anis, M., 2005. Shoot multiplication in Rauvolﬁa tetraphylla L. using
thidiazuron. Plant Cell, Tissue and Organ Culture 80, 187–190.
Fehér, A., 2006. Why somatic plant cells start to form embryos? In: Mujib, A., Amaj, J.
(Eds.), Somatic Embryogenesis. Springer, Berlin/Heidelberg, Germany, pp. 85–101.
Fidalgo, F., Santos, A., Oliviera, N., Santos, I., Salema, R., 2005. Induction of somatic em-
bryogenesis in Iris hollandica Hort. cv. “Bronze Queen”. The Journal of Horticultural
Science and Biotechnology 80, 135–138.
51M. Stanišić et al. / South African Journal of Botany 96 (2015) 42–52Fiuk, A., Bednarek, P., Rybczyński, J., 2010. Flow cytometry, HPLC-RP, and metAFLP analy-
ses to assess genetic variability in somatic embryo-derived plantlets of Gentiana
pannonica Scop. Plant Molecular Biology Reporter 28, 413–420.
Godo, T., Lu, Y., Mii, M., 2010. Micropropagation of Lysionotus pauciﬂorus Maxim.
(Gesneriaceae). Protocols for in vitro propagation of ornamental plants. Methods in
Molecular Biology 589, 127–139.
Goldblatt, P., Manning, J., 2008. The Iris Family: Natural History and Classiﬁcation. Timber
Press, Portland, Oregon.
Gozu, Y., Nakamura, M., Namba, R., Yomogida, K., Yanagi, M., Nakamura, S., 1993. In vitro
propagation of Iris pallida. Plant Cell Reports 13, 12–16.
Gyulai, G., Mester, Z., Kiss, J., Szemán, L., Heszky, L., Idnurm, A., 2003. Somaclone breeding
of reed canarygrass (Phalaris arundinacea L). Grass and Forage Science 58, 210–215.
Homhuan, S., Kijwijan, B., Wangsomnuk, P., Bodhipadma, K., Leung, D.W.M., 2008. Varia-
tion of plants derived from indirect somatic embryogenesis in cotyledon explants of
papaya. ScienceAsia 34, 347–352.
Hu, J., Gao, X., Liu, J., Xie, C., Li, J., 2008. Plant regeneration from petiole callus of
Amorphophallus albus and analysis of somaclonal variation of regenerated plants by
RAPD and ISSR markers. Botanical Studies 49, 189–197.
Hussey, G., 1975. Totipotency in tissue explants and callus of some members of the
Liliaceae, Iridaceae and Amarylildaceae. Journal of Experimental Botany 26, 253–262.
Ikeuchi, M., Sugimoto, K., Iwase, A., 2013. Plant callus: mechanisms of induction and re-
pression. Plant Cell 25, 3159–3173.
Jahan, A.A., Anis, M., 2009. In vitro rapid multiplication and propagation of Cardiospermum
halicacabum L. through axillary bud culture. Acta Physiologiae Plantarum 31, 133–138.
Jéhan, H., Courtois, D., Ehret, C., Lerch, K., Petiard, V., 1994. Plant regeneration of Iris pallida
Lam. and Iris germanica L. via somatic embryogenesis from leaves, apices and young
ﬂowers. Plant Cell Reports 13, 671–675.
Jeknić, Z., Lee, S.P., Davis, J., Ernst, R.C., Chen, T.H.H., 1999. Genetic transformation of Iris
germanica mediated by Agrobacterium tumefaciens. Journal of the American Society
for Horticultural Science 124, 575–580.
Jeknić, Z., Morre, J., Jeknić, S., Jevremović, S., Subotić, A., Chen, T., 2012. Cloning and
functional characterization of a gene capsantin/capsorubin synthase from Tiger Lily
(Lilium lancifolium). Plant & Cell Physiology 53, 1899–1912.
Jevremović, S., Subotić, A., Trifunović, M., Nikolić, M., Radojević, Lj, 2008. In vitro plant
regeneration of Iris pseudopallida. In: Teixeira da Silva, J.A. (Ed.), Floriculture,
Ornamentals, and Plant Biotechnology: Advances and Topical Issues V. Global Science
Books, Japan, pp. 250–252.
Jevremović, S., Jeknić, Z., Subotić, A., 2013. Micropropagation of irises. Protocols
for micropropagation of selected economically-important horticultural plants. In:
Lambardi, M., Ozudogru, E.A., Jain, S.M. (Eds.), Humana Press-Springer, Berlin/
Heidelberg, Germany, pp. 291–304.
Jin, S., Mushke, R., Zhu, H., Tu, L., Zhong, Y., Zhong, X., 2008. Detection of somaclonal
variation of cotton (Gossypium hirsutum) using cytogenetics, ﬂow cytometry and
molecular markers. Plant Cell Reports 27, 1303–1316.
Jones, M.P.A., Cao, J., O'Brien, R., Murch, S.J., Saxena, P.K., 2007. The mode of action of
thidiazuron: auxins, indoleamines, and ion channels in the regeneration of Echinacea
purpurea L. Plant Cell Reports 26, 1481–1490.
Khattab, S., El Sherif, F., El-Garhy, H.A., Ahmed, S., Ibrahim, A., 2014. Genetic and phyto-
chemical analysis of the in vitro regenerated Pilosocereus robinii by ISSR, SDS–PAGE
and HPLC. Gene 533, 313–321.
Kim, M.K., Sommer, H.E., Bongarten, B.C., Markle, S.A., 1997. High-frequency induction of
adventitious shoots from hypocotyl segments of Liquidambar styraciﬂua L. by
thidiazuron. Plant Cell Reports 16, 536–540.
Kitamiya, E., Suzuki, S., Sano, T., Nagata, T., 2000. Isolation of two genes that were induced
upon the initiation of somatic embryogenesis on carrot hypocotyls by high concen-
trations of 2,4-D. Plant Cell Reports 19, 551–557.
Kostrakiewicz, K., Wróblewska, A., 2008. Low genetic variation in subpopulations of an
endangered clonal plant Iris sibirica in southern Poland. Annales Botanici Fennici
45, 186–194.
Kozyrenko, M.M., Artyukova, E.V., Lauve, L.S., Boltenkov, E.V., 2002. Genetic variability of
callus cultures of some Iris species. Biotechnology Russia 4, 30–37.
Kumar, S., Mangal, M., Dhawn, A.K., Singh, N., 2011. Assessment of genetic ﬁdelity of
micropropagated plants of Simmondsia chinensis (Link) Schneider using RAPD and
ISSR markers. Acta Physiologiae Plantarum 33, 2541–2545.
Larkin, P.J., Scowcroft, W.R., 1981. Somaclonal variation: a novel source of variability from
cell cultures for plant improvement. Theoretical and Applied Genetics 60, 197–214.
Laublin, G., Cappadocia, M., 1992. In vitro ovary culture of some apogon garden irises Iris
pseudocorus L., I. setosa Pall., I. versicolor L. Botanica Acta 105, 319–322.
Laublin, G., Saini, H.S., Cappadocia, M., 1991. In vitro plant regeneration via somatic
embryogenesis from root culture of some rhizomatous irises. Plant Cell, Tissue and
Organ Culture 27, 15–21.
Loureiro, J.C.M., 2007. Flow cytometric approaches to study plant genomes. Dissertation
University of Aveiro, Portugal.
Makarevitch, I., Golovnina, K., Scherbik, S., Blinov, A., 2003. Phylogenetic relationships of
the Siberian Iris species inferred from noncoding chloroplast DNA sequences. Inter-
national Journal of Plant Sciences 164, 229–237.
Mangolin, C.A., Ottoboni, L.M.M., Machado, M.F.P.S., 2002. RAPD markers to evaluate
callus tissue of Cereus peruvianus Mill. (Cactaceae) maintained in different growth
regulator combinations. Biochemical Genetics 40, 351–358.
Marner, F.J., Simic, K., Scholz, B., Küster, B., 1995. Isolation and structure determination of
new iridal from Iris sibirica. Journal of Natural Products 58, 299–301.
Meyer, M.M., 1984. In vitro propagation of Siberian iris from ﬂower stalks. HortScience 19,
575.
Miñano, H., González-Benito, M.E., Martin, C., 2009. Molecular characterization and anal-
ysis of somaclonal variation in chrysanthemum cultivars using RAPD markers.
Scientia Horticulturae 122, 238–243.Mohanty, S., Panda, M., Subudhi, E., Nayak, S., 2008. Plant regeneration from callus culture
of Curcuma aromatica and in vitro detection of somaclonal variation through cyto-
photometric analysis. Biologia Plantarum 52, 783–786.
Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiologia Plantarum 15, 473–497.
Murthy, B.N.S., Murch, S.J., Saxena, P.K., 1995. Thidiazuron induced somatic embryogene-
sis in intact seedlings of peanut (Arachis hypogaea L.): endogenous growth regulator
levels and signiﬁcance of cotyledons. Physiologia Plantarum 94, 268–276.
Murthy, B.N.S., Murch, S.J., Saxena, P.K., 1998. Thidiazuron: a potent regulator of in vitro
plant morphogenesis. In Vitro Cellular & Developmental Biology: Plant 34, 267–275.
Neelakandan, A.K., Wang, K., 2012. Recent progress in the understanding of tissue
culture-induced genome level changes in plants and potential applications. Plant
Cell Reports 31, 597–620.
Nehra, N.S., Kartha, K.K., Stushnott, C., Giles, K.L., 1992. The inﬂuence of plant growth
regulator concentrations and callus age on somaclonal variation in callus culture
regenerants of strawberry. Plant Cell, Tissue and Organ Culture 29, 257–268.
Para, G., Baratti, J., 1992. Irones and precursors synthesized by Iris sibirica tissue culture.
Bioscience, Biotechnology, and Biochemistry 56, 1132–1133.
Parveen, S., Shahazad, A., 2010. TDZ-induced high frequency shoot regeneration in Cassia
sophera Linn. via cotyledonary node explants. Physiology and Molecular Biology of
Plants 16, 201–206.
Peyvandi, M., Noormohammadi, Z., Banihashemi, O., Farahani, F., Majd, A., Hosseini-
Mazinani, M., Sheidai, M., 2009. Molecular analysis of genetic stability in long-term
micropropagated shoots of Olea europaea L. (ev. Dezvul). Asian Journal of Plant Sci-
ences 8, 146–152.
Pinto, D.L.P., Barros, B., Viccini, L.F., de Campos, J.M.S., da Silva, M.L., Otoni, W.C., 2010.
Ploidy stability of somatic embryogenesis-derived Passiﬂora cincinnata Mast. plants
as assessed by ﬂow cytometry. Plant Cell, Tissue and Organ Culture 103, 71–79.
Prado, M., Rodriguez, E., Rey, L., González, M., Santos, C., Rey, M., 2010. Detection of
somaclonal variants in somatic embryogenesis regenerated plants of Vitis vinifera
by ﬂow cytometry and microsatellite markers. Plant Cell, Tissue and Organ Culture
103, 49–59.
Prakash, S., Elangomathavan, R., Seshadri, S., Kathiravan, K., Ignacimuthu, S., 2004.
Efﬁcient regeneration of Curcuma amada Roxb. plantlets from rhizome and leaf
sheath explants. Plant Cell, Tissue and Organ Culture 78, 159–165.
Radojević, Lj, Subotić, A., 1992. Plant regeneration of Iris setosa Pall. through somatic
embryogenesis and organogenesis. Journal of Plant Physiology 139, 690–696.
Radojević, Lj, Sokić, O., Tucić, B., 1987. Somatic embryogenesis in tissue culture of iris
(Iris pumila L.). Acta Horticulturae 212, 719–723.
Reuther, G., 1975. Induktion der Embryogenese in kaluskulturen. Planta 58, 318–333.
Reuther, G., 1977. Embryoide Differenierungsmuster im Kallus der gattungen Iris and
Asparagus. Berichte der Deutschen Botanischen Gesellschaft 90, 417–437.
Roy, A.R., Sajeev, S., Pattanayak, A., Deka, B.C., 2012. TDZ induced micropropagation in
Cymbidium giganteumWall. Ex Lindl. and assessment of genetic variation in the regen-
erated plants. Plant Growth Regulation 68, 435–445.
Sambrook, J., Fritch, E.F., Maniatis, T., 1989. Molecular Cloning; a Laboratory Manual. 2nd
edn. Cold Spring Harbor Laboratory Press, Massachusetts.
Sarmast, M.K., Salehi, H., Ramezani, A., Abolimoghadam, A.A., Niazi, A., Khosh-Khui, M.,
2012. RAPD ﬁngerprint to appraise the genetic ﬁdelity of in vitro propagated Araucaria
excelsa R. Br. var. glauca Plantlets. Molecular Biotechnology 50, 181–188.
Sharma, S., Bryan, G., Winﬁeld, M., Millam, S., 2007. Stability of potato (Solanum
tuberosum L.) plants regenerated via somatic embryos, axillary bud proliferated
shoots, microtubers and true potato seeds: a comparative phenotypic, cytogenetic
and molecular assessment. Planta 226, 1449–1458.
Shibli, R.A., Ajlouni, M.M., 2000. Somatic embryogenesis in the endemic black iris. Plant
Cell, Tissue and Organ Culture 61, 15–21.
Shimizu, K., Nagaike, H., Yabuya, T., Adachi, T., 1997. Plant regeneration from suspension
culture of Iris germanica L. Plant Cell, Tissue and Organ Culture 50, 27–31.
Simonet, M., 1932. Recherches cytologiques et genetiques chez les Iris. Bulletin Biologique
de la France et de la Belgique 66, 255–444.
Singh, S.R., Dalal, S., Singh, R., Dhawan, A.K., Kalia, K.K., 2013. Evaluation of genetic ﬁdelity
of in vitro raised plants of Dendrocalamus asper (Schult. & Schult. F.) Backer ex K.
Heyne using DNA-based markers. Acta Physiologiae Plantarum 35, 419–430.
Sivakumar, P., Rajesh, S., Gnanam, R., Manikam, A., 2011. Effect of in vitro culture condi-
tions on somaclonal variation in cowpea (Vigna unguiculata Walp.) using RAPD
markers. Acta Biologica Hungarica 62, 34–44.
Smith, R.H., 2013. Callus induction. Plant Tissue Culture, 3th edn Academic Press, Springer,
Berlin/Heidelberg, Germany, pp. 63–79.
Subotić, A., Radojević, Lj, 1995. Plant regeneration of Iris halophila Pall. and I. sibirica
Franch. by somatic embryogenesis and organogenesis. Bulletin de l'Institute et du
Jardin Botaniques de l'Université de Beograd 29, 149–155.
Swartz, H.J., 1991. Post culture behaviour, genetic and epigenetic effects and related
problems. In: Debergh, P.C., Zimmerman, R.H. (Eds.), Micropropagation:
Technology and Application. Kluwer Academic Publishers, Dodrecht, The Netherlands,
pp. 95–122.
Szöllősi, R., Medvegy, A., Németh, A., Kálman, K., Mihalik, E., 2010. Intra-inﬂorescence in
ﬂoral morphological and reproductive traits of I. sibirica L. Acta Biologica Szegediensis
54, 103–110.
Szöllősi, R., Medvegy, A., Benyes, E., Németh, A., Mihalik, E., 2011. Flowering phenology,
ﬂoral display and reproductive success of Iris sibirica. Acta Botanica Hungarica 53,
409–422.
Teixeira da Silva, J.A., Shinoyama, H., Aida, R., Matsushita, Y., Raj, S.K., Chen, F., 2013. Chrysan-
themum biotechnology: quo vadis? Critical Reviews in Plant Sciences 32, 21–52.
Vargas, T.E., Xena, N., Vidal, M., Oropeza, M., Garcia, E., 2008. Genetic stability of Solanum
tuberosum L. Désirée plantlets obtained from embryogenic cell suspension cultures.
Interciencia 33, 213–218.
52 M. Stanišić et al. / South African Journal of Botany 96 (2015) 42–52Visser, C., Qureshi, J.A., Gill, R., Saxena, P.K., 1992. Morphoregulatory role of
thidiazuron substitution of auxin and cytokinin requirement for the induction
of somatic embryogenesis in geranium hypocotyl cultures. Plant Physiology 99,
1704–1707.
Vujović, T., Cerović, R., Ružić, Đ., 2012. Ploidy level stability of adventitious shoots of sour
cherry “Čačanski Rubin” and Gisela 5 cherry rootstock. Plant Cell, Tissue and Organ
Culture 111, 323–333.
Wroblewska, A., Brzosko, E., Czarnecka, B., Nowosielski, J., 2003. High levels of genetic
diversity in populations of Iris aphylla L. (Iridaceae), an endangered species in
Poland. Botanical Journal of the Linnean Society 142, 65–72.Yang, X.M., An, L.Z., Xiong, Y.C., Zhang, J.P., Li, Y., Xu, S.J., 2008. Somatic embryogenesis
from immature zygotic embryos and monitoring the genetic ﬁdelity of regenerated
plants in grapevine. Biologia Plantarum 52, 209–214.
Zhang, C.L., Chen, D.F., Elliott, M.C., Slater, A., 2001. Thidiazuron induced organogenesis
and somatic embryogenesis in sugar beet (Beta vulgaris L.). In Vitro Cellular & Devel-
opmental Biology: Plant 37, 305–310.
Zhou, X., Cao, G., Lin, R., Sun, Y., Li, W., 1994. A rapid and efﬁcient DNA extraction method
of genus Fagopyrum for RAPD analysis. In: Javornik, B., Bohanec, B., Kreft, I. (Eds.),
Proceedings of the International Colloquim on Impact of Plant Biotechnology on
Agriculture. Biotechnical Faculty, Ljubljana, Slovenia, pp. 171–175.
